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MULTIPLE FAN BEAM COMPUTED
TOMOGRAPHY SYSTEM

BACKGROUND OF THE INVENTION

The present mvention relates to the diagnostic 1imaging
arts. The invention finds particular application 1n conjunc-
tion with volume CT imaging for medical purposes and will
be described with particular reference thereto. However, 1t 1s
to be appreciated that the present invention will also find
application 1n conjunction with industrial, security, and other
types of volume 1maging apparatus and techniques.

In diagnostic imaging with CT scanners, a thin, fan
shaped beam of radiation 1s projected from an X-ray source
through a region of interest. The radiation source 1s rotated
about the region of interest such that the same thin slice of
the region of interest 1s irradiated from a multiplicity of
directions spanning 360°. In a third generation scanner, an
arc of radiation detectors 1s mounted to the same gantry as
the radiation source such that the two rotate together. In a
fourth generation scanner, the x-ray detectors are mounted

stationarily in a ring 360° around the subject.

To 1image a volume of iterest, a single slice 1mage 1s
typically generated. After a first slice 1mage 1s generated, a
subject support 1s indexed by a slice width generally on the
order of a few millimeters, and another slice 1s generated.
This slice 1mage and 1mndex technique 1s repeated until slices
spanning the volume of interest are generated. One draw-
back to this type of imaging 1s the relatively long time
necessary to generate a large plurality of slices. Because the
first and last slice are taken at a significantly different time,
the volume i1mage 1s distorted by a time evolution of the
region of interest.

In spiral scanning techniques, the patient 1s generally
moved continuously through the x-ray beam as the x-ray
source rotates around the region of interest. In this manner,
the fan shaped beam of radiation and the region of interest
move 1n a spiral pattern relative to each other. The continu-
ous mofion 1s faster than indexing between slices, but still

relatively slow.

In order to reduce the 1maging time, some scanners
collimate the beam of radiation into two slices. When the
beam of radiation 1s collimated 1nto two slices, two sets of
radiation detectors disposed end to end are commonly
provided. Typically, the thickness of the 1rradiated slice and

the spacing between slices are adjustable. Such adjustments
are relatively straight forward for two beams of radiation.
However, the requirement that each beam of radiation strike
only a single set of radiation detectors renders collimation
into more than two beams mechanically awkward.
Moreover, because the two beams originate from a common
focal point, they are divergent, not parallel to each other. The
divergent rays complicate and introduce errors into recon-
struction techniques 1 which data 1s reconstructed into
parallel slices. Moreover, as radiation from a single source
1s collimated into more beams, such beams become more
widely divergent.

Systems have been proposed for examining the region of
interest with a cone beam of radiation. However, cone beam
Image reconstruction 1s computationally intensive and slow.
Moreover, cone beam 1maging has a fixed resolution, based
on detector size. Further, cone beam reconstructions tend to
suffer from 1nsufficiency of data problems, image artifacts,
and other reconstruction errors.

The present invention contemplates a new, improved CT
system which overcomes the above difficulties and others.

BRIEF SUMMARY OF THE INVENTION

In accordance with the present invention, a CT scanner
includes a stationary gantry portion defining an examination
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region. Arotating gantry portion selectively rotates about the
examination region. A plurality of anode elements, associ-
ated with the rotating gantry portion for selective bombard-
ment by an electron stream, generate a plurality of parallel
x-ray beams. Also included are a plurality of x-ray detectors
receiving the x-ray beams which have passed through the
examination region. The detectors generate signals 1ndica-
tive of the x-ray beams received and a reconstruction
processor processes these generated signals into an 1mage
representation.

In accordance with another aspect of the present
invention, the CT scanner further includes an x-ray tube
body defining a vacuum envelope. The plurality of anode
clements, each defining at least one target face, are disposed
within the vacuum element.

In accordance with another aspect of the present
mvention, the CT scanner further includes a collimator
externally adjacent to the body defining a series of alternat-
ing openings and septa. The openings have fan-shaped sides

forming fan-shaped x-ray beams parallel to others of the
x-ray beams and perpendicular to an axis through the
examination region.

In accordance with another aspect of the present
invention, the CT scanner further includes a plurality of
X-ray tubes each including at least one of the anode ele-
ments. The x-ray tubes are spaced along an axis at a common
angle relative to the examination region.

In accordance with another aspect of the present
invention, the CT scanner includes a plurality of x-ray tubes,
cach comprising one of the anode elements where the x-ray
tubes are spaced along an axis at a plurality of predefined
angles relative to the examination region.

In accordance with the present invention, a method of
diagnostic 1imaging includes simultancously bombarding a
plurality of axially spaced, parallel anode elements with
clectrons generating a plurality of x-ray beams. The x-ray
beams are passed through an examination region where they
are received and used to generate signals proportional to an
amount of radiation received.

In accordance with another aspect of the present
invention, the method of diagnostic imaging further includes
receiving a desired imaging profile. A first set of anode
clements to bombard for a first amount of time 1s determined
based on the desired imaging profile received. A cathode
assembly associated with each of the first set of anode
clements 1s selectively powered for the first amount of time.

In accordance with the present mvention, a method of
diagnostic 1maging mcludes concurrently generating a plu-
rality of thin fan beams of penectrating radiation. The plu-
rality of thin fan beams are passed through an examination
region while the fan beams are concurrently rotating around
the examination region. Each of the fan beams 1s detected
after passing through the examination region and are used to
ogenerate electronic signals indicative of an amount of radia-
tion which has passed through the examination region.

In accordance with another aspect of the present
imvention, the fan beams are rotated about an axis of rotation
and the method further includes causing a relative axial
movement along the axis of rotation between the examina-
tion region and the parallel fan beams.

In accordance with another aspect of the present
invention, the method includes each of the parallel thin fan
beams spaced equidistantly from each other wherein relative
motion between the examination region and the parallel
beams extend over a preselected distance such that each
beam of radiation moves 1n a spiral pattern through a
contiguous subvolume of the region of interest.
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One advantage of the present invention resides 1n signifi-
cantly improved 1imaging time as compared with conven-
fional single fan beam CT systems.

Another advantage 1s that volumes can be imaged sub-
stantially 1n real time.

Another advantage of the present invention resides 1n the
ability to use existing reconstruction algorithms to generate
Images.

Other benefits and advantages of the present mvention

will become apparent to those skilled in the art upon a
reading and understanding of the preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The mmvention may take physical form in certain parts and
arrangements of parts and 1n various steps and arrangements
of steps. The drawings are only for purposes of 1llustrating
the preferred embodiments and are not to be construed as
limiting the invention.

FIG. 1 1s a perspective view of a continuous CT scanner
system 1n accordance with the present invention;

FIG. 2 1s a diagrammatic illustration of a set of x-ray
beams produced according to the present invention;

FIG. 3 1s a detail of a fourth generation CT scanner in
accordance with the present invention;

FIG. 4 1s a cross-section of a multiple anode x-ray tube
suitable to meet the present invention;

FIG. 5 1s a diagrammatic 1llustration of an alternate set of
x-ray beams produced 1n accordance with the present inven-
tion;

FIG. 6 1s a detail of an alternate embodiment of a fourth
generation scanner according to the present invention;

FIG. 7 1s a cross-section of the scanner from FIG. 6; and

FIG. 8 1s a block diagram of an exemplary control circuit
suitable to practice the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

With reference to FIG. 1, a CT scanner mcludes a floor
mounted or stationary gantry A whose position remains fixed
during data collection. A multiple fan beam generator B 1s
rotatably mounted on a rotating gantry C. The stationary
cgantry A 1ncludes a cylinder 10 that defines a patient
receiving region 12. A plurality of rings of radiation detec-
tors 14, 14, . . . 14, arc disposed concentrically around the
patient receiving region 12. In the illustrated embodiment,
the radiation detectors are mounted on the stationary gantry
portion such that a corresponding arc segment of the detec-
tors receives each fan beam of radiation from the radiation
source B which has traversed a corresponding parallel path
through the examination region 12. Alternately, a plurality of
arc segments of radiation detectors can be mounted to the
rotating gantry portion C each 1n alignment with one of the
fan beams to rotate with the x-ray source.

A control console 16 contains an 1mage reconstruction
processor 18 for reconstructing a volumetric 1mage repre-
sentation using signals from the detector array 14, 14, . .
. 14 for display on a monitor 20.

With reference to FIG. 2, 1n one embodiment the recon-
struction processor 18 includes a plurality of reconstruction
processors 18, 18,, . . . 18 | each preprogrammed using
conventional slice 1mage reconstruction algorithms. The
output from each of the detector rings 14, 14, . . . 14 _ 1s
fed to a corresponding processor 18,, 18, . . . 18 which
reconstructs the data collected concurrently into a series of
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slices. The series of slices 1s then stored 1n a volume 1mage
memory 22. If the x-ray beams are spaced immediately
contiguous, then all of the slices of the volume 1mage are
reconstructed concurrently. However, in the preferred
embodiment, the number of slices 1s less than the total
number of slices 1n the volume and the slices are spread
apart such that some fraction of the slices, e.g. every sixth
slices, are generated concurrently. Thereafter, a patient
couch 24 1s stepped one slice distance and the next set of
slices 1s generated concurrently. In the present example in
which one sixth of the slices 1s taken each time, this process
1s repeated six times.

In another preferred embodiment, the slices are again
spaced by some short distance. The patient table 24 moves
in either direction through the imaging area or back and forth
continuously as the x-ray beams rotate continuously. The
motion of the patient table 1s selected such that the data
collected by each of the radiation detectors spirals 1n each of
a plurality of contiguous slabs. The data 1n each of the slabs
1s reconstructed, preferably concurrently by a plurality of
parallel processors, using conventional spiral volume 1mag-
ing algorithms.

In yet another alternate embodiment, the patient table
moves back and forth a sufficient distance that the spirals
overlap. The conventional spiral imaging algorithm 1s modi-
fied such that each of a series of preferably parallel proces-
sors 1s updating a corresponding region of volume image
memory 22, concurrently.

The video monitor 20 converts selectable portions of the
reconstructed volumetric 1mage representation nto a two-
dimensional human-readable display. The console 16 also
includes appropriate tape or disk recording devices, per-
forming 1mage enhancements, selecting planes for viewing,
3-D renderings, or color enhancements or the like. Various
scanner control functions such as 1nitiating a scan, selecting
among different types of scans, calibrating the system and
the like are also performed at the control console.

With reference to FIGS. 1 and 2, the x-ray generator B 1s
clongated along an axis parallel to the examination region
12. Multiple parallel fan-shaped beams 30, 30,, . ... 30 are
simultaneously produced. In the illustrated embodiment,
both the generator B and the detector 14,, 14,, . . . 14, arc
mounted to the rotating gantry C. Preferably, the rotating
cgantry C rotates the apexes of the beams 30, 30,, . . .. 30,
about the examination region 12 and radiation data 1s
collected by the detectors 14. Volume scans are achieved by
axially moving the couch 24 or region of interest through the
examination region 12 and the plurality of x-ray beams 30,
30,,...30 . Those skilled in the art can appreciate that any
number of x-ray beams may be generated, and that the time
required for a volume scan or coverage time 1s reduced by
a factor proportional to the number of x-ray beams used.

FIG. 3 depicts a single elongated x-ray tube 40 capable of
ogenerating n parallel fan-shaped x-ray beams 30, 30, . . .
30,. The beams 30,, 30,, . . . 30  are generated and
collimated by a collimator 42. The collimator 42 1s disposed
adjacent to the x-ray beam source and channels the beams
30,, 30,, . . 30 _1nto a series of parallel axially spaced
fan-shaped rays. The beams are attenuated as they pass
through a subject 44 and are received by the plurality of
axially spaced detector arrays 14,14, . . . 14 . The detector
arrays 14,, 14,, . . . 14 generate electrical signals each
proportional to the radiation received along a corresponding
ray ol each fan as i1s known 1n the art. Alternately, the
detector arrays could be configured as semi-circular arcs
sufficient to receive the x-ray beam arc and could further be
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rotatably mounted to the rotating gantry portion 1n a third
generation scanner (as shown in FIG. 2).

Cross-referencing FIG. 3 and FIG. 4, the axially elon-
cgated x-ray tube 40 houses a plurality of rotating anode
clements 60, 60, . .. 60 _. Each anode element 60, 60, . . .
60, 1s associlated with a cathode assembly 70,, 70,, ... 70 _,
selectably excitable by a filament power supply 80. When
selected, each cathode assembly generates an electron
stream which strikes the corresponding anode element and
produces x-ray beams. The x-ray beams are collimated by

the collimator 42 into the plurality of parallel axially spaced
x-ray beams 30,, 30, . . . 30 .

Alternatively, as seen 1 FIG. 5, the radiation source
generates axially spaced parallel x-ray beams 82, 82,, . . .
82 that are angularly spaced from one another with respect
to the examination region 12. In one embodiment, a plurality
of x-ray tubes 90, 90, . .. 90, are mounted onto the rotating
cgantry C as may be appreciated by reference to FIG. 6. In a
preferred embodiment in which n=3, the x-ray sources are
evenly angularly separated at 120° intervals about the
examination region 12, but may be spaced at any oflset
angle. The fan beams 82,, 82,, 82, are received by the
detector array 14 1n specific, 1solated arcas 84, 84, 84..

FIG. 7 depicts a cross-section of the CT scanner of FIG.
6 to depict more clearly the axial separation of the x-ray
tubes 90, 90,, 90.. In the illustrated embodiment, a single
substantially continuous detector array 14 1s mounted to the
stationary gantry portion A to receive the x-ray beams
ogenerated by the x-ray tubes 90, 90,, 90,. The x-ray beams
82, 82,, 82, are closely collimated to strike the single
detector array 14 1n locations angularly displaced from one
another. Moreover, because the x-ray tubes are angularly
spaced about the examination region 12, each x-ray beam
82., 82, 82, 1s received by the detector array 14 over a
unique arc 84, 84, 84.. In other words, the x-ray beams
82.,82,, 82, do not overlap, so that the single detector array
14 can produce signals representative of the three separate
beams.

In another alternate embodiment, a plurality of multiple
anode element tubes, such as are illustrated by reference
number 40 mn FIG. 4, are mounted 1n intervals around a
plurality of rings of radiation detectors 14, 14,, .. .14 as
illustrated 1n FIG. 3. Again, the X-ray sources are spaced an
appropriate distance such that each fan beam irradiates a
unique arc segment of one of the rings. For example, three
of the x-ray sources can be disposed about 120° apart around
the examination region. As yet another option, a larger
number of multiple anode x-ray tubes may be positioned
around the subject and the various anodes gated on and off
to prevent more than one beam from irradiating a common
detector element of one of the rings.

Referring now to FIG. 8 the x-ray tube assembly prefer-
ably mcludes a control circuit 100 for selectively powering
the cathode assemblies 70. A cathode controller 102 1is
clectrically connected between the filament current supply
80 and the individual cathode assemblies 70. The cathode
controller 102 can be configured as a grid control tube,
clectrical switch circuit, or the like. A comparator 104
controls the cathode controller 102 based on selected nputs.
Preferably the selected inputs include a profile mput 106, a
thermal profile memory or look up table 108, and a timer
110. The profile input 106 i1s preferably an input source
where a technician can select a desired 1maging pattern
based on diagnostic needs. For example, the profile input
desired may be for all multiple fan beams to be used
simultaneously providing a maximum number of image
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slices 1n the shortest time. On the other hand, the desired
proille may be to alternate or cycle selected sub-sets of
multiple fan beams, perhaps to cover a larger volume.

As a further example, the technician may desire a maxi-
mum number of slices within the temperature envelope of
the x-ray tube assembly. In this event, the thermal profile
memory 108 1s accessed to estimate the time that the anode
clements can be bombarded with electrons before a period of
rest, or non-use must occur to facilitate removal of excess
thermal energy. The memory 108 is preloaded with thermal
curves specific to the anode elements of the tube. Then,
when the tubes are powered, a timer 110 calculates the
amount of time the individual cathodes have been on. This
time allows the comparator to estimate thermal loading
conditions of the anode elements 1in use by plotting the time
onto the thermal profile memory.

Regardless of profile desired, the comparator 104 receives
the 1nputs, determines the sequence of operation and con-
trols the cathode controller 102 to individually select spe-
cific cathode assemblies 70.

The invention has been described with reference to the
preferred embodiments. Potential modifications and alter-
ations will occur to others upon a reading and understanding,
of the specification. It 1s our intention to include all such
modifications and alterations insofar as they come within the
scope of the appended claims, or the equivalents thereof.

Having thus described the preferred embodiments, the
invention 1s now claimed to be:

1. A CT scanner comprising:

a rotating gantry portion selectively rotating about an
examination region;

an x-ray tube body defining a vacuum envelope, mounted
to the rotating gantry portion;

a plurality of discrete anodes mounted within the vacuum
envelope, the anodes selectively generating a plurality
of parallel x-ray beams;

a plurality of x-ray detectors receiving the x-ray beams
which have passed through the examination region and
generating signals indicative of the x-ray beams
received; and

a reconstruction processor processing the generated sig-
nals mnto an 1mage representation.
2. The CT scanner as set forth 1n claim 1, further includ-
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Ing:

a plurality of cathode assemblies mounted within the
vacuum envelope.

3. The CT scanner as set forth in claim 1, further includ-

ng:

a collimator externally adjacent to the body defining a
serics of alternating openings and septa, the openings
having fan-shaped sides forming fan-shaped x-ray
beams parallel to others of the x-ray beams and per-
pendicular to an axis through the examination region.

4. The CT scanner as set forth 1n claim 2 further including;:

means for selectively switching on and off the electron
stream between any of the cathode assemblies and an

assoclated target face.
S. The CT scanner as set forth in claim 1, further includ-

Ing;:

a second x-ray tube body defining a vacuum envelope
with a second plurality of discrete anodes and a second
plurality of cathode assemblies disposed within, each
X-ray tube being mounted to the rotating gantry portion,
and spaced along an axis at a common angle relative to
the examination region; and
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a plurality of collimators each externally adjacent to one
of the x-ray tubes, where the collimators define an
opening having fan-shaped sides forming parallel fan-
shaped x-ray beams.

6. The CT scanner as set forth 1n claim 1, further includ-

Ing:

a second x-ray tube body defining a vacuum envelope
with a second plurality of discrete anodes and a second
plurality of cathode assemblies disposed within,
wherein each x-ray tube 1s mounted to the rotating
gantry portion at a plurality of predefined angles rela-
tive to the examination region; and

a collimator externally adjacent to each of the x-ray tubes,
where the collimator defines an opening having fan-
shaped sides forming parallel fan-shaped x-ray beams.

7. The CT scanner as set forth in claim 1 wherein the
plurality of x-ray detectors include a substantially continu-
ous ring ol detector elements mounted to the stationary
ganfry portion.

8. The CT scanner as set forth mn claim 1 wherein the
plurality of x-ray detectors comprise a set of axially spaced
continuous rings of detector elements mounted to the sta-
flonary gantry portion.

9. The CT scanner as set forth in claim 1 wherein the
plurality of x-ray detectors comprise axially spaced arcs of
detector elements mounted to the rotating gantry portion,
cach arc opposite an apex of the x-ray beams.

10. A method of diagnostic imaging comprising;:

spacing a plurality of discrete anodes such that a focal
spot on each anode 1s aligned on an axis parallel to a
longitudinal axis through an examination region;

bombarding selected anodes with electrons generating a
plurality of x-ray beams spaced along the longitudinal
axis;

receiving the x-ray beams and generating signals propor-
tional to an amount of radiation received; and

reconstructing the signals into an 1mage representation.
11. The method of diagnostic imaging as set forth 1n claim
10, further including;:

rotating the anodes about the examination region; and

inducing relative motion along the longitudinal axis.
12. The method of diagnostic 1maging as set forth 1n claim
11, wherein the bombarding step includes:

receiving a desired 1maging profiile;

determining a first set of anodes to bombard for a first
time based on the desired imaging profiile received; and

selectively powering a cathode assembly associated with
cach of the first set of anodes for the first time.
13. A method of diagnostic imaging including:

spacing a plurality of anode element focal spots on an axis
parallel to a longitudinal axis through an examination
region;

determining a first set of anode element focal spots to

bombard for a first time based on a received 1maging
profile;

powering selected cathode assemblies to concurrently
bombard the first set of anode element focal spots;
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determining a second set of anode element focal spots to
bombard for a second time based on the received
imaging profile; and

after the first time, powering selected cathode assemblies

to concurrently bombard the second set of anode ele-
ment focal spots.

14. The method of diagnostic imaging as set forth 1n claim
13 further including collimating generated x-ray beams into
thin, parallel fans, which parallel fans are passed through the
examination region.

15. A method of diagnostic 1imaging comprising:

concurrently generating a plurality of thin fan beams of

penetrating radiation, each fan beam having an apex
along a common line parallel to a longitudinal axis
through an examination region;

passing the plurality of thin fan beams of penetrating

radiation through the examination region and concur-

rently rotating the apex of the fan beams around the
examination region;

detecting each of the fan beams of radiation after it has
passed through the examination region and generating
clectronic signals indicative of an amount of radiation
which passed through the examination region; and

reconstructing electronic signals 1nto a volumetric image
representation.
16. The method as set forth 1n claim 15, further including:

causing relative axial movement along the longitudinal
ax1s between the examination region and the parallel
fan beams of radiation.

17. The method as set forth in claim 16, wheremn the
examination region and the parallel fan shaped beams of
radiation are moved 1n steps and after each step, the received
clectronic signals representative of the fan shaped beams are
reconstructed mto an i1maging representation of a parallel
slice, such that slices of the volumetric 1mage representation
are collected a plurality of parallel, spaced slices at a time.

18. The method as set forth 1n claim 15, wherein the thin
fan beams of radiation are parallel to others of the thin fan
beams, the method further including:

continuously moving the examination region and the
parallel thin fan beams of radiation along the longitu-
dinal axis such that each of the parallel beams of
radiation traverse a spiral through the examination
region.

19. The method as set forth mm claim 18 wherein the
parallel thin fan beams of radiation are separated by a
common distance and wherein relative motion between the
examination region and the parallel beams of radiation is
orcater than a preselected distance such that the parallel
beams of radiation traverse spiral paths, which spiral paths
at least partially overlap.

20. The method as set forth 1n claim 19 wherein each of
the parallel thin fan beams of radiation are spaced equidis-
tantly from each other and wherein relative motion between
the examination region and the parallel beams extends over
a preselected distance such that each beam of radiation
moves 1n a spiral pattern through a contiguous subvolume of
the examination region.
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